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IDENTIFICATION ID OF RFTAG A2 [0101====0010 -
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PLEASE SELECT WORK TO EXECUTE

1:INVENTORY WORK (BATCH READING)
2 :READ FROM SPECIFIC RF TAG (SELECTIVE READING)

3 :ISSUANCE OF RF TAG (SELECTIVE WRITING)



U.S. Patent Nov. 3, 2015 Sheet 15 of 24 US 9,177,180 B2

Act201

Trh ?

ta >
Yes
IT IS DETERMINED THAT THERE IS POSSIBILITY Act202
OF OMISSION IN READING IN GROUP A
TABLE TO BE READ IS UPDATED Act203

DISPLAYED ON DISPLAY SECTION _~Act204

TIME COUNTING OF GROUP A IS STOPPED Act205
TIME COUNTING OF GROUP A IS RESET Act206

TO Act 301



US 9,177,180 B2

Sheet 16 of 24

Nov. 3, 2015

U.S. Patent

6(3AO0IN NOILVOINNINNOO ANOOIS) 3O NOILVYOINNWINOD
ONIAVIY-NI-NOISSINO 3.LNOdXd OL IMI'T NOA A'1NOM
V dNOYD NI DNIAVIYH NI NOISSINO 40 ALINIAISSOd SI 4d4HL




US 9,177,180 B2

Sheet 17 of 24

Nov. 3, 2015

U.S. Patent

J3NNILNOD SI Q00N
NOILVOINNNWODO 15¢l4

| HOVI 40 HNLLNNOD JNILL

dd1dv1sdy Sl dNodYH

| .

(GOW NOILVOINNWINOO 1S4id OL DNIQ3I00Hd

SUOW NOLLYODINOWWOO ANODZS 40 UN4

¢ 1 €30V

e

| LEIOV

 avad 343IM SOVL QvIHNN TV LVHL
NOILLOIS AV1dSIA NO Q3aAV1dSIA SI L

CLERY

SO A

O0LEPV

SUANNIINOD 3A0ON
OILYOINNMWNOO ONOO4S Sl

ON
, 6010V
h a31vadn S v.1vd NOLLOI13S DYL .

SO A
¢NIVINEY
OV Av3dNn S30d

, 80€10Y
ON

L0V

G41vQddh SI dvdy 49 04 3719V.0L

NOILOTS
AV1dSIG NO 03AV1dSIA SI DNIdYIY

EJN 3
FOV.L QYIHNT 90c+V
0 ONIGV3IY 3H3HL S]

ON

GO0EV

.\._ B RETLAE 4
70CI°oV SI IAOW NOLLYDINNIAWNOD ANODIS

0V

Ol ONIG33004dd 1N0OHLIIM QIdNNILNOD ST |,
JGONW NOLLVOIINNININOD LS4 NI ONIAVIY |

| 781V

4A0ON NOLLVYOINNWINGCD ANODJ3S

— I

T

(31VHINDGD SIVIVA NOILLOITdS DV.L

G3ddOLS S
NOMHO(\D:‘E@ HOV 40 HNLINNOD JWLL
]

3GQONW NOLLYOINNWNOD

INOO3S 01 a3300Hd
0TV

L1 Ol



US 9,177,180 B2

Sheet 18 of 24

Nov. 3, 2015

U.S. Patent

Qm% NOLLVDINDIAWOD
Sl 40 NOLLVANLINOD

6LPIoV.

S8

ON

SUINNILNOD NOLLISO
HY.LSHH HOd DNIHOMYHS

1YV IS I
SI dNOHD HOVYI 40 DNLINNGO AL

T

89 A

¢SV QFEIN00Y
ON Ol 40 NOLLSINDOV

LTV ~_ GNYINIWOD 309195 NI 138 SI 1SY1 A2HIN0aV A
QILMVYLS SI NOLLISOJ JV.LSTY HOA DNIHOWVYIS

91130y — T
"Nl 300N NOLLYDINNWWOD ANOD3S 40 aN3

»,

P9V

UV 4498 SOV OVaEND TiV AVHL
NOLLOZAS AVd4SIA NO J3AVYIdSIC St AT

{0372 =4

LOPOY ON

_ P

cOANNLLINOD ¥ JN0HD
| DNIHOH VYIS Sl

ON

s Y4254/

OI1HVLS ST JAOW NOLLYDINNINAOD 1SH!H _.\) 0gyIoY

825

SaA

¢UINNIANCO IO
OLLVOINAINWOD GNODES &

282544

GZ31VYQdn Si VIVYd NOLLOZ 148 DVl

E1FI0Y
ENIVINY
VL VIYNNn SJ0d

vy

A=Z1YQAdn 81 GV3H 39 Of Fi8V]

L0V
NOLLOGS AV 1aSiC |
NO GZAYIJSIO S1 DNIQYI

£9 alpioy
GO L QY IHNN
40 DNIGVERY FHIHL Si

607V 5,

ONYIWWOO 329195 NI 195 51 Y.1vQA NOLLOFES DYLE
QzZLHVLS SI 300N NOLLYGINNWADD CNODIS

9071°V

LY dNOWD 40 DV Y S0 DNIOV3EY

A

F

A3LHVLS 81 Y SNOYHD NI DNIHOHY3S

; T

F1VEINID ] VIVG NOLLOATHS OVl

T

eOVIOY :\)_llau%_o.ﬁ §1 4NOYD HOVI JO DNLINNOD JWLL

.

2010V .\;_

GMdVIN STASY T AYad DV.L 3d 4O i

Q0N NOLLYOINNTAWOD GNOD3S

Ol GNIA33008Hd LNOHLIM CINNLINOD
SI ACOW NOILYDINOWANGD 1SHIJ NI DONIGVdH

LEVIOV \«\n

g1 0l




US 9,177,180 B2

Sheet 19 of 24

Nov. 3, 2015

U.S. Patent

rerarT

L A T T AT

Ll ol g o A ] L R

e

P e R T L

et Py REE TR PRy

(69 40 AI NOILVOI4IINGAIg) 22O 1L0L L

(vV 40 AI NOILVYOIJILNAAIV) LLOLOL L

ey mp =

L Loy e

P

L E g

LHE RE: § 2hE 4

S

e
-,

=g

il O, el

S T nasra b e ke e b

o = =

e L L]

T T ST T O ST

5RO E R

_ - _
'_ )
.: {

E1d - al

21 L

T Ch

1=

PRt S FRTRIE AL Sy

e

Iy A | ML Dl iy L I L Iy

JE =L TE

W
I
.mm
¥

S A L A DA TR S = T

e earwiarem )

him et d L UL R e

e i el e e A A

PETRTIEEE R ST PR Pt




6€

NOILOHS 40Vd4H4.LNI

i ey

US 9,177,180 B2

ge"

NOILO4S 1NdNI

(NOILD3S NOILLVOIALLON)
[E NOILOES AV 1dSIQ

NOILLOIS

VNNZDLNY m,l'l Oldvd

Sheet 20 of 24

NOLLYIWHOANI JJOW

mm\

23
d311HM ANV J30Vvdy DV.L 44

dd TT041INOD

A

NOILO4S NOLLISINDOV

NOILDHS

-l

NOLLVOINNWINOD

Nov. 3, 2015
|

U.S. Patent

0¢9OI4

Cle

¢le

NOILD4S d0V44dd1NI
6t — _ |
¥\ NOLLO3S IH_

d3T104LNOD
\\\ JOVHOLS
6le NOLLOIS

ONLINYGSH3Hd L1NS3Y
L _m\

NOLLVYNINGZ.13d

NOILO3S DNININYILIAG
ozamﬁszo_mmEo
GLE

d4AH3S




U.S. Patent Nov. 3, 2015 Sheet 21 of 24 US 9,177,180 B2

FIG.21

[RF TAG READER AND WRITER (RW)] [ SERVER )
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J P Act511
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TRANSMITTED TO SERVER " C
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e ACQUISITION OF IDENTIFICATION .
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(READ STATE DATA COF AGQUIRED IDENTIFICATION 1D
I3 SET TCQ 1, AND OMISSICN-IN-READING POSSIBILITY
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\
Acts14 GROUP SPECIFICATION —-> GROUP A
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FIG.23

READ STATE DATA

OMISSION~IN-
READING POSSIBILITY
STATE DATA

wnuracturer | PRODUCT | PRODUGCT IMAGE
NAME FILE NAME
PRODUCT 1
Al [COMPANY A PRODUGCT 1 BLUE
BLUE
PRODUGT 2
AZ |COMPANY A PRODUCT 2 RED
RED
PRODUCT 3
A3 |COMPANY B
. VELLOW | PRODUCT 3 YELLOW
PRODUGT B
B1 |coMPANY B
. WHITE PRODUCT B WHITE
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RF TAG READER AND RF TAG
INFORMATION ACQUISITION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No, 2010-29451,

filed on Feb. 12, 2010; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described 1n this disclosure relate to a tag
information acquisition technique of acquiring (reading) the

information stored 1 an RF tag by communication with the
RF tag.

BACKGROUND

In recent years, an RFID (Radio Frequency Identification)
system attracts attention and 1s widespread 1n the distribution
sector, for example. The RFID system includes an RF tag
(also reterred to as an RFID tag), which includes an IC chip
and an antenna and 1s attached to a product, and an RF tag
reader and writer (hereinafter, simply referred to as a reader
and writer), which reads information stored in the memory of
the RF tag IC chip 1n a non-contact manner and writes infor-
mation into the memory of the RF tag IC chip 1n a non-contact
mannet.

As processing 1n the RFID system, for example, there 1s
processing of reading the information collectively from a
plurality of RF tags during inventory work in a store or the like
(hereimaftter, referred to as batch read). In this case, the reader
and writer emits radio waves over a distant range of several
meters and executes communication with unspecified RF tags
attached to a plurality of products in order to read the infor-
mation stored in the RF tags collectively. In general, the RF
tags to be read are disposed 1n a spatially wider range than the
read range of an antenna of the reader and writer. Accord-
ingly, during inventory work or the like, the tag information 1s
acquired from RF tags while moving the antenna of the reader
and writer to change the communication range.

In a known reader and writer, however, omission of reading
occurred frequently because communication was generally
performed while moving an antenna of the reader and writer.
For this reason, a technique for detecting omission of reading
and acquiring information from a tag which was not read 1s
proposed. However, since reading work 1s performed while
moving, the user 1s frequently beyond the range where com-
munication with an unread tag 1s possible.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an RF tag reader and writer
according to a first embodiment;

FIG. 2 1s a block diagram showing the hardware configu-
ration of an RF tag in the first embodiment;

FIG. 3 1s a block diagram showing the hardware configu-
ration of the RF tag reader and writer according to the first
embodiment;

FI1G. 4 1s a view showing the circuit configuration of aradio
section provided 1n the RF tag reader and writer according to
the first embodiment;

FI1G. 5 1s a functional block diagram regarding determina-
tion of a possibility of an omission 1n reading 1n the RF tag
reader and writer according to the first embodiment;
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FIG. 6 1s a view showing an example of the movement of
the RF tag reader and writer according to the first embodi-

ment,

FIG. 7 1s a view showing an example of a table to be read 1n
the first embodiment;

FIG. 8 1s a view showing an example of a table to be read 1n
the first embodiment;

FIG. 9 1s a view showing an example of a timing chart 1n
communication processing based on ISO18000-6 type C
related to the first embodiment;

FIG. 10 1s a view showing an example of the order of
reading RF tags in the first embodiment;

FIG. 11 1s a view showing an example of generation of tag,
selection data 1n the first embodiment;

FIG. 12 1s a view showing an example of a timing chart 1n
communication processing based on ISO18000-6 type C
related to the first embodiment;

FIG. 13 1s a view showing the process flow regarding
determination of a possibility of an omission in reading in the
first embodiment:

FIG. 14 1s a view showing an example of a processing start
screen 1n the first embodiment;

FIG. 15 1s a view showing the process flow regarding
determination of a possibility of an omission in reading in the
first embodiment;

FIG. 16 1s a view showing an example of a screen for
notification of a possibility of an omission in reading in the
first embodiment;

FIG. 17 1s a view showing the process flow regarding the
acquisition of tag information from an RF tag, which might be
unread, 1n the first embodiment:

FIG. 18 1s a view showing the process flow regarding the
acquisition of tag information from an RF tag, which might be
unread, 1n a second embodiment;

FIG. 19 1s a view showing an example of the marking of an
identification ID acquired last 1n a first communication mode
in the second embodiment;

FIG. 20 1s a functional block diagram regarding determi-
nation of a possibility of an omission in reading 1n another
embodiment;

FIG. 21 1s a view showing the process flow regarding
determination of a possibility of an omission in reading 1n
another embodiment;

FIG. 22 1s a view showing the process flow regarding the
acquisition of tag information from an RF tag, which might be
unread, 1n another embodiment;

FIG. 23 15 a view showing an example of a table to be read
in another embodiment; and

FIG. 24 1s a functional block diagram regarding determi-
nation of a possibility of an omission in reading 1n another
embodiment.

DETAILED DESCRIPTION

An RF tag reader of the present embodiment 1s an RF tag
reader including an omission-in-reading determining section
which determines that an RF tag belonging to a predeter-
mined group might be unread when the tag information 1s not
acquired from an RF tag which belongs to the group and
whose tag information 1s not acquired yet, within a predeter-
mined time after the tag information corresponding to any one
of a plurality of RF tags grouped as the predetermined group
1s acquired.

Hereinafter, a first embodiment will be described with
reference to the accompanying drawings. Moreover, 1n the
following explanation, an 1dentification ID (tag ID) 1s men-
tioned as an example of tag information stored 1in an RF tag.
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Moreover, for easy understanding, 1t 1s assumed that the 1den-
tification information corresponding to each RF tag 1s also an
identification ID stored in each RF tag. That 1s, in the first
embodiment, the tag information and the 1dentification infor-
mation corresponding to an RF tag are shared.

FIG. 1 1s a perspective view showing the outline of an RF
tag reader and writer 100 according to the first embodiment.
The reader and writer 100 of the first embodiment includes an
antenna device 90, which has an antenna (not shown) 1inside a
housing 92, and a reader and writer body 30. The antenna
device 90 and the reader and writer body 30 are connected to
cach other by a coaxial cable 94.

Although an antenna provided 1n the antenna device 90 1s
not particularly limited, 1t may be a patch antenna, for
example. The reader and writer 100 communicates with an
RF tag (not shown) through radio waves emitted from the
antenna. In addition, in the first embodiment, a gripping
member 96 1s provided in the antenna housing 92, so that it 1s
casy to grip the antenna device 90 when a user uses the reader
and writer 100 while carrying 1t. Undoubtedly, 1t 1s also pos-
sible to adopt a configuration where the gripping member 96
1s not provided.

FI1G. 2 shows an example of a functional block of an RF tag.
An RF tag 1s a type of wireless data carrier attached to a
product, a delivery, and the like, and 1s an independent part in
which a tag antenna, through which signals can be transmitted
and received, and an IC chip are integrally formed on a
substrate. An IC chip 900 includes: a memory 903 which can
store a predetermined information signal (tag information); a
power generator 905 which supplies power to each section of
the IC chip 900 by performing rectification and stabilization
of a modulated wave received through a tag antenna 901; a
demodulator 907 which demodulates the modulated wave
and transmits 1t to a controller (demodulates a communica-
tion signal ); a modulator 909 which modulates the data trans-
mitted from the controller and transmits it to the tag antenna
(modulates a response signal); a clock extractor 911 which
extracts a clock signal from the modulated wave recerved
through the tag antenna 901 and supplies it to a controller 915;
a random number generator 913 which generates random
numbers of 0 to 2" corresponding to a slot number desig-
nation value Q, which 1s designated to the modulated wave,
for determining to which i1dentification slot the RF tag 1s to
output aresponse signal when the modulated wave 1s recerved
from the reader and writer 100; and the controller 915 which
controls an operation of the RF tag through the memory 903,
the demodulator 907, the modulator 909, the clock extractor
911, the random number generator 913, and the like.

Next, the hardware configuration of the reader and writer
body 30 will be described. As shown 1n FIG. 3, the reader and
writer body 30 has a controller 31, a radio section 33, an input
section 33, adisplay section 37, and an interface section 39. In
addition, a current 1s supplied to the hardware and the antenna
device 90 from a power supply 32 shown in FIG. 1, which
controls a battery and charge and discharge of the battery.
Therefore, the reader and writer 100 of the first embodiment
1s formed as a portable reader and writer.

The controller 31 has a role of performing various kinds of
processing in the reader and writer 100, such as communica-
tion with an RF tag and communication with an external
device such as a PC (Personal Computer; not shown) through
a network, by executing a program stored 1n a storage section
311, which will be described later, on the basis of an 1put
from the user. For example, the controller 31 controls the
radio section 33 according to a communication protocol such
that an 1dentification ID, which 1s acquired from a PC through
the iterface section 39 to be described later or which 1s input
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4

through the input section 35 to be described later by the user,
1s transmitted to an RF tag through radio waves from the
antenna device 90. In addition, the controller 31 controls the
radio section 33, which will be described later, on the basis of
the output information stored in the storage section 311,
which will be described later, of the controller 31 such that
radio waves are emitted from the antenna device 90 by trans-
mission output indicated by the output information.

The radio section 33 i1s hardware with a function for com-
municating with an RF tag through the antenna device 90.
FIG. 4 shows the detailed circuit configuration of the radio
section 33.

Here, 11 the RF tag 1s a passive tag which does not have a
battery, the radio section 33 starts the RF tag by amplifying an
unmodulated carrier with a power amplifier 331 first and
outputting electromagnetic waves from the antenna through a
directional coupler 332. When transmitting the data to an RF
tag, 1t 1s transmitted by performing amplitude modulation of
a signal encoded according to the communication protocol
using an amplitude modulator 333 and amplifying it using the
power amplifier 331 and then outputting electromagnetic
waves from the antenna through the directional coupler 332.
In addition, when receiving a signal from the RF tag, the RF
tag controls (backscatters) the impedance of an antenna ter-
minal 1n a state where an unmodulated carrier 1s being trans-
mitted from the reader and writer 100. As a result, the reflec-
tion state changes, and this 1s detected by the antenna device
of the reader and writer 100. The directional coupler 332
performs quadrature demodulation of the received electro-
magnetic wave signal. Synchronous clock generators I and ()
334 and 335 generate a synchronous clock, and preamble
detectors I and Q 336 and 337 detect a preamble decided 1n
advance 1n order to detect the head of the data. Demodulators
I and Q 338 and 339 demodulate it to obtain the received data.
In addition, error detectors I and QQ 341 and 342 detect the
existence of an error using an error detection code. In the case
shown 1n FIG. 3, a configuration 1s adopted in which 1t 1s
determined that the data was received correctly 1f there 1s no
error 1in either demodulation of an in-phase component 1n
quadrature demodulation or demodulation of a quadrature
component. Moreover, by control (specifically, transmission
ol a transmission output setting signal for setting a transmis-
sion output) of a transmission output controller 315 of the
controller 31, the transmission output of the power amplifier
331 can be set according to the type of processing.

Theinput section 35 1s hardware used when a user inputs an
instruction to the reader and writer 100 using the input section
35. Specifically, the mput section 35 1s formed by buttons
(keys), a touch pad, and the like which make 1t possible to
input an mstruction by pressing.

The display section (display) 37 1s hardware which can be
used to show a result of communication with an RF tag for the
user or to prompt the user to input an istruction. Specifically,
the display section 37 can be formed by an LCD (Liquid
crystal display) or the like. In addition, the display section 37
may be formed as a graphical display, in which a touch panel
sensor 1s mounted, and the input section 35 and the display
section 37 may be unified.

The interface section 39 1s hardware for performing com-
munication with an external device, such as a PC 1n which an
identification ID 1s stored, through a network.

Next, a functional block of the controller 31 will be
described. As shown 1n FIG. 5, the controller 31 includes the
storage section 311, a communication section 312, a mode
information acquisition section 313, an omission-in-reading
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determining section 315, a determination result presenting
section 317, and a storage controller 319, which will be
described below.

The storage section 311 stores an acquired i1dentification
ID, a record (log) related to processing performed in the
controller 31 or each functional block of the controller 31, or
a communication protocol (for example, a communication
protocol of an RF tag based on ISO18000-6 type C) for
transmitting an identification ID through radio waves. More-
over, 1n the first embodiment, an ID list, which 1s list data of
identification IDs to be read that 1s stored 1n advance 1n the
storage section 311, and read state data and omission-in-
reading possibility state data (equivalent to mark information
if 1t 1s 1; will be described 1n detail later) corresponding to the
ID listare stored 1n the storage section 311 as a table to be read
shown 1 FIGS. 7 and 8 which will be described later. The
content of the read state data and the omission-in-reading
possibility state data 1s updated according to the determina-
tion result of the omission-in-reading determining section
315 and the acqusition of an identification ID determined
that 1t might be unread through the communication section
312.

The communication section 312 controls the radio section
33 to executes communications processing onan RF tag using
a slot aloha method of executing the processing for commu-
nication with an RF tag 1n a plurality of time slots (hereinaftter,
simply referred to as a slot) included 1n a round. More spe-
cifically, the communication section 312 of the first embodi-
ment executes communication processing according to the
protocol of ISO18000-6 type C.

In addition, 1in the first embodiment, the communication
section 312 has a first communication mode, 1n which pro-
cessing of acquiring the tag information 1s executed on an RF
tag whose tag information 1s not acquired yet, and a second
communication mode, 1n which processing of acquiring the
tag information 1s selectively executed only on an RF tag
which might be unread, which 1s indicated 1n the omission-
in-reading possibility state data of the table to be read.

Moreover, 1n the second communication mode, tag selec-
tion information for limiting RF tags whose information 1s to
be acquired 1s generated on the basis of 1dentification 1Ds
stored 1n the table to be read, the tag selection information 1s
set as a select command and transmitted to an RF tag which
might be unread, and processing of acquiring an identification
ID from the RF tag 1s executed.

The mode information acquisition section 313 acquires the
mode designation mnformation regarding a user’s request to
designate the first communication mode or the second com-
munication mode in the communication section 312 through
the input section 35 and transmits the mode designation infor-
mation to the communication section 312.

The omission-in-reading determining section 315 deter-
mines that an RF tag (whose identification ID 1s not acquired
yet) belonging to a predetermined group might be unread
when an 1dentification ID cannot be acquired from the RF tag
belonging to the group within a predetermined time after an
identification ID corresponding to any one of the plurality of
RF tags grouped as the predetermined group 1s acquired.

The determination processing of the omission-in-reading
determining section 315 will be specifically described. First,
the communication section 312 acquires an identification 1D
of an RF tag in the first commumication mode. Then, the
communication section 312 transmits the acquired identifi-
cation ID to the omission-in-reading determining section
315. When acquiring the 1dentification ID from the commu-
nication section 312, the omission-in-reading determining,
section 313 transmits the acquired identification ID to the
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storage controller 319 to update a table to be read and also
acquires a table to be read updated from the storage section
311 through the storage controller 319. Then, using the table
to be read, the omission-in-reading determining section 315
specifies a group to which the RF tag corresponding to the
acquired 1dentification ID belongs and starts time counting
for the specified group. In addition, when an identification 1D
of an RF tag, which belongs to the same group until a prede-
termined time elapses from the start of time counting and
whose 1dentification ID 1s not acquired yet, cannot be
acquired from the communication section 312, the omission-
in-reading determining section 315 determines that an RF tag
belonging to the group might be unread. The omission-in-
reading determining section 313 notifies the storage control-
ler 319 of the determination result that there 1s a possibility of
an omission in reading in a specific group and also notifies the
determination result presenting section 317 that 1t was deter-
mined that there was a possibility of an omission 1n reading.

On the other hand, the communication section 312 may
acquire an 1dentification ID of an RF tag of a certain group
and then acquire an identification ID from an RF tag (whose
identification ID was not acquired yet) belonging to the same
group. Then, as aresult, the omission-in-reading determining
section 315 may acquire an identification ID of an RF tag,
whose 1dentification ID was not acquired yet, of the group
within a predetermined time after acquiring the identification
ID of the RF tag of the certain group. In this case, the omis-
sion-in-reading determining section 315 transmits the
acquired 1dentification ID to the storage controller 319 and
determines that there 1s no possibility of an omission 1n read-
ing for the group.

When acquiring the notification that there 1s a possibility of
an omission in reading from the omission-in-reading deter-
mining section 315, the determination result presenting sec-
tion 317 acquires a table to be read, which 1s stored 1n the
storage section 311, through the storage controller 319 and
displays the determination result on the display section 37 on
the basis of the table. Specifically, when an 1dentification 1D
of an RF tag which might be unread 1s present in a table to be
read, the omission-in-reading determining section 315 noti-
fies a user, on the display section 37, that there 1s an RF tag
which might be unread.

The storage controller 319 controls update processing of
updating the information stored in the storage section 311
using the acquired information, storage processing of storing
the newly acquired information 1n the storage section 311,
and processing of reading the information stored in the stor-
age section 311. Moreover, 1n the first embodiment, the stor-
age controller 319 updates the read state data in the table to be
read according to the determination result transmitted from
the omission-in-reading determining section 313. In the table
to be read, all of the read state data are 0 and all of the
omission-in-reading possibility state data are also O when the
communication section 312 starts the first read processing. In
addition, when acquiring the identification ID from the omis-
sion-1n-reading determining section 315, the storage control-
ler 319 updates the read state data corresponding to the
acquired 1dentification ID to 1. In addition, when acquiring
from the omission-in-reading determining section 315 a
determination result indicating that there 1s a possibility of an
omission 1n reading 1n a specific group, the storage controller
319 stores the determination result 1n the storage section 311
and updates the omission-in-reading possibility state data of
an 1dentification 1D, whose read state data in the specific
group 1s not updated to 1 until the acquisition of the determi-
nation result, to 1. In addition, 1f the communication section
312 acquires an identification ID from an RF tag when the
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communication section 312 operates 1n the second commu-
nication mode, the communication section 312 transmits the
identification ID to the storage controller 319. According to
the acquisition of the identification ID from the communica-
tion section 312, the storage controller 319 stores the acquired
identification ID in the storage section 311, and updates the
omission-in-reading possibility state data of the identification
ID to 0 and updates the read state data of the identification 1D
to 1.

Hereinafter, the 1identification 1D acquisition processing of
the communication section 312 1n the first and second com-
munication modes 1n the first embodiment will be described
in more detail. In the following explanation, the case where an
RF tag 1s read by the antenna of the reader and writer 100
when RF tags attached to products are disposed as shown 1n
FIG. 6 will be given as an example. The antenna of the reader
and writer 100 1s at a position A at first and gradually moves
to the right side (position B side) of the drawing while reading
RF tags. In FIG. 6, a broken line indicates a communication
range. The communication range in FIG. 6 refers to a range
where communication can be correctly performed except for
the case of collision 1f an RF tag 1s completely included in this
range.

In addition, 1n tables to be read shown in FIGS. 7 and 8, RF
tags (Al to A10) near the position A 1 FIG. 6 are grouped as
a group A and RF tags (B1 to B10) near the position B in FIG.
6 are grouped as a group B. In addition, FIG. 7 shows a table
to be read when an antenna 1s at the position A. In addition,
FIG. 8 shows a table to be read when an antenna 1s at the
position B. In addition, FIG. 9 illustrates a timing chart of
processing (1dentification ID acquisition processing) ol com-
munication with an RF tag in the communication section 312
when one round has four time slots. In this case, the antenna

1s at the position A. Accordingly, the case where 1dentification
IDs of RF tags Al, A5, A7, and A10 are read 1s 1llustrated.

Here, as shown in FIG. 6, the RF tags A1, A5, A7, and A10 are
within the communication range, but RF tags A2 and A3 are
outside the communication range.

First, the first communication mode will be described.
First, the communication section 312 acquires, through the
mode mformation acquisition section 313, the mode desig-
nation information regarding a user’s request to designate the
first communication mode. Then, when the mode designation
information designating the first communication mode 1s
acquired, the communication section 312 performs process-
ing of acquiring an identification 1D of an RF tag, whose tag
information 1s not acquired, according to the protocol of
ISO18000-6 type C. Specifically, first, the communication
section 312 starts transmission of electromagnetic waves
through the radio section 33. In this case, since the purpose of
the electromagnetic waves 1s to supply electric power to an
RF tag, an unmodulated carrier 1s transmitted. As a result, the
RF tags A1, AS, A7, and A10 located within the communica-
tion range 1n FIG. 6 are started in response to the electromag-
netic waves. In addition, although not shown, each RF tag has
a flag (Inventoried flag). In FIG. 9, a flag of each RF tag at the
start of the RF tag 1s assumed to be A.

The communication section 312 transmits a Query com-
mand after the start of transmission of an unmodulated car-
rier. The Query command includes at least a parameter, which
designates the number of slots per round, and a parameter
indicating that the flag i1s for an RF tag of A. In FIG. 9, flags
of the RF tags Al, A5, A7, and A10 are A. If the Query
command 1s recerved, these RF tags generate a random num-
ber and determine which slot among the slots 1n one round
will send a response. In addition, the RF tags also generate the
data RN16 when sending a response. A slot and RN16 which
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send a response are determined on the basis of a random
number by each RF tag. In particular, the RN16 becomes a
different value according to an RF tag. Accordingly, since
RN16 responses of RF tags are different, a collision 1is
reduced. Here, for the sake of convenience, an explanation
will be given assuming that there 1s no collision.

Referring to FIG. 9, 1n the first slot (slot 1), one RF tag
transmits RN16 as a response. The communication section
312 receives the RN16 transmitted from the RF tag correctly.
Then, the communication section 312 transmits an Ack com-
mand including the recerved RN16. After receiving the Ack
command, the RF tag checks whether or not the RN16 trans-
mitted by 1tself 1s included. If the RN16 is included, the RF
tag determines that the Ack command 1s addressed to itself. In
this case, the RF tag transmits an identification ID as a
response. The communication section 312 receives this cor-
rectly.

Then, the communication section 312 transmits a Q-rep
(Query-rep) command and proceeds to the next slot (slot 2),
and another RF tag communicates with the communication
section 312 similarly. The Query-rep command also includes
at least a parameter indicating the same flag as described
above. When proceeding to the next slot, the RF tag which
was correctly recerved 1n the communication section 312 as
an ID response in the previous slot sets 1ts flag to B.

If one round ends, the communication section 312 trans-
mits a Query command again. Similar to the above, the Query
command includes at least a parameter, which designates the
number of slots per round, and a parameter indicating that the
flag 1s for an RF tag of A. Alternatively, from the second
round, the communication section 312 may transmit a Query-
adjust command including a parameter of the above flag.

In addition, 1f a collision occurs because a plurality of RF
tags transmits RN16 responses and accordingly, the commu-
nication section 312 cannot recerve the RN16 correctly in the
round 1, the RF tag may be configured to perform communi-
cation again 1n the next round.

Through the above-described procedure (ISO18000-6 type
C), the communication section 312 acquires 1dentification
IDs of the RF tags A1, A5, A7, and A10. On the other hand, the
RF tags A2 and A3 shown 1n FIG. 6 are not read because they
are located outside the communication range.

In the first embodiment, 1f the communication section 312
acquires one of the RF tags (Al to A10) included 1n the group
A, the communication section 312 transmits a corresponding
identification ID to the omission-in-reading determining sec-
tion 315. The omission-in-reading determining section 3135
transmits the identification 1D to the storage controller 319,
and the storage controller 319 updates the read state data
corresponding to the identification ID to 1. Then, the omis-
sion-1n-reading determining section 313 starts time counting,
for the group A.

The communication section 312 acquires identification
IDs of RF tags belonging to the group A, for example, in order
shown 1n FIG. 10 while the antenna moves from the position
A toward the position B. The acquired 1dentification IDs are
transmitted from the communication section 312 to the omis-
sion-1n-reading determining section 315. If the omission-1in-
reading determining section 315 acquires a next new 1denti-
fication ID before a predetermined time elapses after the
acquisition of an identification ID in the same group, the
omission-in-reading determining section 3135 determines that
there 1s no unread RF tag and transmits the identification ID to
the storage controller 319. For example, in FIG. 10, when an
identification ID of A9 1s acquired within a predetermined
time from the acquisition of an identification ID of A5, it 1s
determined that there 1s no unread RF tag. In addition, the
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storage controller 319 stores the acquired 1dentification ID 1n
the storage section 311 and updates the read state data corre-
sponding to the 1dentification 1D to 1.

On the other hand, even 1f a predetermined time elapses
alter the acquisition of a one-previous 1dentification ID 1n the
same group, the omission-in-reading determining section 315
may not acquire an identification ID, whose tag information 1s
not acquired vyet, belonging to the group. For example, the
case 1s assumed 1n which identification IDs of the RF tags A2
and A3 shown 1n FIG. 6 cannot be acquired even 1f a prede-
termined time elapses after an identification 1D of A6 1s
acquired. In this case, the omission-in-reading determining
section 315 determines that there 1s a possibility of an omis-
sion inreading in the group A. The omission-in-reading deter-
mimng section 315 notifies the storage controller 319 of the
determination result. On the basis of the determination result,
the storage controller 319 updates to 1 the omission-in-read-
ing possibility state data corresponding to 1dentification IDs
(1identification I1Ds of A2 and A3), of which read state data
were not updated to 1, of the group A 1n the table to be read.

In addition, although the above explanation was given only
for the group A for easy understanding, the acquisition of
identification IDs 1s performed 1n parallel not only for 1den-
tification IDs belonging to the group A but also identification
IDs belonging to the other groups. The omission-in-reading
determining section 315 performs 1dentification ID acquisi-
tion and omission-in-reading possibility determination pro-
cessing similarly for RF tags of the other groups shown 1n
FIGS. 6 to 8.

Next, the case where the second communication mode 1s
selected by the user will be described.

In this case, the mode information acquisition section 313
acquires, through the input section 35, the mode designation
information regarding a user’s request of identification 1D
acquisition processing based on the second communication
mode. The mode information acquisition section 313 trans-
mits the mode designation information designating the sec-
ond communication mode to the communication section 312.

If the mode 1nput information 1s acquired, the communi-
cation section 312 acquires a table to be read, which 1s stored
in the storage section 311, through the storage controller 319.
Then, on the basis of this table to be read, the communication
section 312 generates tag selection data to be set to a Select
command, which will be described later, from an identifica-
tion ID of an RF tag whose omission-in-reading possibility
state data 1s 1. Then, using the tag selection data, the commu-
nication section 312 performs selective communication with
the RF tag determined to have a possibility of an omission in
reading.

Moreover, 1n the first embodiment, 1f there 1s one 1dentifi-
cation ID of an RF tag which might be unread, the identifi-
cation ID 1s set to the tag selection data. In addition, if there 1s
a plurality of identification IDs of RF tags which might be
unread, the tag selection data 1s generated by comparison of
identification IDs of RF tags whose omission-in-reading pos-
sibility state data 1s 1. For example, when generating the tag
selection data from identification IDs of A2 and A3, the
communication section 312 extracts a common portion of the
identification IDs of A2 and A3 to generate the tag selection
data, as shown 1n FIG. 11.

FI1G. 12 1s a view 1llustrating a timing chart of processing
for commumnication with an RF tag in the second communi-
cation mode. Although the communication section 312 also
performs communication with an RF tag based on
ISO18000-6 type C 1n the second communication mode, the
communication section 312 transmits a Select command, in
which the tag selection data 1s set, at the head of a round 1n the
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second communication mode. By this Select command, the
RF tags A2 and A3 are designated as RF tags which send a
response.

Then, the reader and writer 100 executes processing for
communication with the RF tags A2 and A3. Moreover, when
the antenna moves from the position B side i FIG. 6 to the
position (for example, the position X 1n FIG. 6) where the RF
tags A2 and A3 enter the communication range, the commu-
nication section 312 can acquire the 1dentification IDs of the
RF tags A2 and A3. More specifically, when the antenna 1s at
the position X, the communication section 312 transmits a
Select command before round n. If the RF tags A2 and A3
receive the Select command correctly, the RF tags A2 and A3
determine that they are communication targets. Then, the RW
transmits a Query command, and the RF tags A2 and A3
receive the Query command correctly. FIG. 12 shows an
example where the RF tag A2 transmits an 1identification ID to
the communication section 312 in the slot1 and the RF tag A3
transmits an i1dentification ID to the communication section
312 1n the slot 3.

Then, the communication section 312 transmits the
acquired 1dentification IDs of the RF tags A2 and A3 to the
storage controller 319. The storage controller 319 stores the
acquired i1dentification IDs in the storage section 311 and
updates the read state data, which corresponds to the i1denti-
fication IDs of the RF tags A2 and A3 in the table to be read.,
from O to 1 and also updates the omission-in-reading possi-
bility state data from 1 to O.

That 1s, 1n the first embodiment, when executing process-
ing of acquiring the tag information in the second communi-
cation mode, the communication section 312 does not trans-
mit the acquired 1dentification ID to the omission-in-reading
determining section 315. Accordingly, the omission-in-read-
ing determining section 315 does not perform determination
processing, which 1s related to the possibility of an omission
in reading, for an RF tag whose tag information 1s to be
acquired in the second communication mode.

Next, the process flow of time counting 1n the omission-
in-reading determining section 315 when the reader and
writer 100 of the first embodiment executes communication
with an RF tag in read processing (batch read processing) on
an unspecified number of RF tags will be described with
reference to FIG. 13. In other words, the process flow of time
counting used 1n order to perform determination regarding a
possibility of an omission 1n reading when the communica-
tion section 312 executes communication with an RF tag in
the first communication mode will be described. In addition,
for easy understanding, the case where identification ID
acquisition processing 1s executed on an RF tag belonging to
the group A shown 1n FIG. 6 will be given as an example (the
same for other process tlows) 1n the following explanation.

First, 1n Act 101, the communication section 312 controls
the radio section 33 to emit radio waves related to batch
reading from the antenna device 90, performs batch reading,
and executes processing of acquiring the information (1den-
tification ID) stored 1n RF tags of the group A. The commu-
nication section 312 executes corresponding processing until
an 1dentification ID 1s acquired (Act 101, no). If an 1dentifi-
cation ID 1s acquired, the communication section 312 trans-
mits the acquired 1dentification ID to the omission-in-reading
determining section 315 (Act 101, yes).

Then, 1n Act 102, the omission-in-reading determining
section 315 transmits the acquired identification ID to the
storage controller 319 and updates a table to be read through
the storage controller 319. Specifically, the read state data
corresponding to the acquired identification ID 1s updated
from O to 1. In addition, when the omission-in-reading pos-
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s1ibility state data corresponding to the acquired identification
ID 1s 1, 1t 1s updated to O. In addition, the storage controller
319 transmats the updated table to be read to the omission-in-
reading determining section 3135.

Then, in Act 103, the omission-in-reading determining
section 3135 specifies to which group the identification 1D
acquired from the communication section 312 belongs using
the acquired table to be read. In this explanation, for example,
when an identification ID of the RF tag A9 shown in FIG. 6 1s
acquired, the omission-in-reading determining section 313
specifies that the acquired 1dentification ID is an 1dentifica-
tion ID of an RF tag belonging to the group A on the basis of
the table to be read. Specifically, such specification can be
realized using a record (log) of the acquired identification 1Ds
and the table to be read.

Then, the omission-in-reading determining section 315
stops time counting for determination regarding a possibility
of an omission in reading 1n the group A to which the acquired
identification ID belongs (Act 104). Then, the omission-in-
reading determining section 315 resets counting of a time
(Act1035). Then, the omission-in-reading determining section
315 determines whether or not an RF tag whose 1identification
ID 1s not acquired yet 1s present 1n the group A, which 1s the
same group as the acquired i1dentification 1D, on the basis of
the table to be read (Act 106). If an RF tag whose 1dentifica-
tion ID 1s not acquired yet 1s present 1n the group A, the
omission-in-reading determining section 315 newly starts
time counting (Act 109). Then, the controller 31 returns to Act
103 to continue processing. On the other hand, 11 an RF tag
whose 1dentification ID 1s not acquired yet is not present in the
group A, the omission-in-reading determining section 3135
does not start time counting, and the controller 31 ends the
information acquisition processing on the RF tag belonging
to the group A.

Moreover, in the first embodiment, the first communication
mode 1s executed by acquiring the input designation informa-
tion regarding the first communication mode by the mode
information acquisition section in response to a user’s mput
through a screen, which 1s displayed on the display section 37
by the controller 31 and 1s illustrated 1n FIG. 14.

Next, the process tlow of determination regarding a possi-
bility of an omission in reading by the omission-in-reading
determining section 315 will be described with reference to
FIG. 185.

As described above, when an identification ID 1s acquired
from an RF tag included in the group A, the omission-in-
reading determining section 315 performs time counting
according to the acquisition of the 1dentification ID. First, 1n
Act 201, the omission-in-reading determining section 315
determines whether or not the counted time ta 1s longer than
a time t-, which s set as reference for determining whether or
not there 1s a possibility of an omission in reading (determi-
nation regarding whether or not ta>t, 1s satisfied). If ta>t -,
1s not satisfied, the omission-in-reading determining section
315 continues the determination regarding the possibility of
an omission 1n reading.

On the other hand, 1f ta>t -, 1s satisfied, the omission-in-
reading determining section 315 determines that there 1s a
possibility of an omission 1n reading of an RF tag belonging
to the group A (Act 202). Then, 1n Act 203, the omission-in-
reading determining section 315 transmits the determination
result to the storage controller 319. The storage controller 319
stores a determination result in the storage section 311 on the
basis of the acquisition of the determination result and also
updates the table to be read. Specifically, the storage control-
ler 319 updates the omission-1n-reading possibility state data
from O to 1 for an RF tag whose identification 1D 1s not
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acquired yet (RF tag whose corresponding read state data1s 0)
in the group A when acquiring the determination result.

Then, 1n Act 204, the omission-in-reading determining
section 313 notifies the determination result presenting sec-
tion 317 that 1t was determined that there was a possibility of
an omission 1n reading. The determination result presenting
section 317 displays the determination result, which 1s stored
in the storage section 311, on the display section 37 on the
basis of the notification 1n order to notify the user that there 1s
a possibility of an omission in reading. In addition, 1f the
omission-in-reading determining section 313 determines that
there 1s a possibility of an omission in reading, the omission-
in-reading determining section 313 stops time counting for
the group A (Act 205) and also resets the counted time (Act
206)

In addition, 1n Act 204, the determination result presenting,
section 317 notifies the user that there 1s a possibility of an
omission 1n reading of an RF tag, for example, through a
screen shown 1 FIG. 16 and prompts the user to perform
input for making the communication section 312 execute the
second communication mode.

Next, the process flow of identification ID acquisition pro-
cessing only for an RF tag which might be unread 1n the first
embodiment will be described with reference to FIG. 17.

In Act 301, the mode information acquisition section 313
determines whether or not the mode designation information
regarding the second communication mode was acquired
through the mput section 35. If the mode designation infor-
mation 1s not acquired for a predetermined time, for example,
from the display of the screen shown in FIG. 16 by the
determination result presenting section 317 or 1f there 1s an
input indicating that the second commumnication mode 1s not
required, the mode information acquisition section 313 noti-
fies the communication section 312 that the mode designation
information regarding the second communication mode
could not be acquired. In Act 321, the communication section
312 which acquired the notification continues reading 1n the
first communication mode without proceeding to the second
communication mode (Act 321).

On the other hand, 1f the mode designation 1information
regarding the second communication mode 1s acquired in Act
301, the mode information acquisition section 313 notifies the
communication section 312 of the mode designation infor-
mation. The communication section 312 proceeds to the sec-
ond communication mode on the basis of the acquisition of
the mode designation information.

In Act 302, the communication section 312 notifies the
omission-in-reading determining section 315 that the com-
munication section 312 proceeded to the second communi-
cation mode. On the basis of this notification, the omission-
in-reading determiming section 315 also stops time counting
for other groups of the group A.

Then, 1n Act 303, the communication section 312 acquires
a table to be read from the storage section 311 through the
storage controller 319 and generates the tag selection data for
setting an RF tag, which might be unread, as a communication
target selectively from 1dentification IDs of RF tags whose
corresponding omission-in-reading possibility state datais 1.
More specifically, the communication section 312 generates
the tag selection data which 1s set to the Select command in
communication of the communication section 312 withan RF
tag.

Then, 1n Act 304, the communication section 312 executes
identification 1D acquisition processing in the second com-
munication mode 1n which an RF tag, which might be unread,
1s selectively set as a communication target using the gener-
ated tag selection data.
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In Act 305, the communication section 312 determines
whether or not an identification ID (which might be unread)
was acquired, as a result of the identification 1D acquisition
processing 1n the second communication mode. I an 1denti-
fication ID cannot be acquired, the communication section
312 determines whether to continue the identification ID
acquisition processing in the second communication mode 1n
Act 310. For example, when there 1s a user’s input for stop-
ping the second communication mode through the mput sec-
tion 35, the determination can be performed on the basis of
whether or not this input was transmitted to the communica-
tion section 312 by the controller 31. If there 1s an mput for
stopping the second communication mode, the communica-
tion section 312 proceeds to Act 312, which will be described
later, and proceeds from the second communication mode to
the first communication mode. On the other hand, 1f there 1s
no mput for stopping the second communication mode, the
communication section 312 continues 1idenftification ID
acquisition processing in the second communication mode.

On the other hand, it it 1s determined that an 1dentification
ID, which might be unread, was acquired 1n Act 305, the
communication section 312 notifies the controller 31 that the
identification ID was acquired. On the basis of this notifica-
tion, the controller 31 displays that the 1dentification ID was
acquired on the display section 37 (Act 306)

Then, in Act 307, the communication section 312 transmits
the acquired 1dentification ID to the storage controller 319.
The storage controller 319 stores the acquired 1dentification
ID 1n the storage section 311 and updates the table to be read
on the basis of the acqusition of the identification 1D. Spe-
cifically, the storage controller 319 updates the omission-in-
reading possibility state data corresponding to the acquired
identification ID from 1 to O and updates the read state data
from O to 1. Then, the storage controller 319 transmits the
updated table to be read to the communication section 312.

Then, on the basis of the acquired updated table to be read,
the communication section 312 determines whether or not an
RF tag, which might be unread, 1s still present (Act 308). If 1t
1s determined that there 1s an RF tag, which might be unread,
the communication section 312 updates the tag selection data
on the basis of the updated table to be read (Act 309). Accord-
ingly, since 1t 1s possible to perform communication with an
RF tag as a target using a command with higher selectivity,
the efficiency of identification ID acquisition processing can
be further improved.

Then, 1n Act 310, the communication section 312 deter-
mines whether to continue the second communication mode.
IT 1t 1s determined that the second communication mode is
continued, the communication section returns to Act 305 to
execute 1dentification ID acquisition processing. On the other
hand, 1f 1t 1s determined that the second communication mode
1S not continued, the communication section 312 ends the
second communication mode and proceeds to the first com-
munication mode 1n Act 312.

In addition, 1n Act 308, the communication section 312
may determine that there 1s no tag which might be unread. In
this case, the communication section 312 notifies the control-
ler 31 that there 1s no tag which might be unread. The con-
troller 31 notifies the user, through the display section 37, that
there 1s no RF tag which might be unread, 1n other words, that
an 1dentification ID was acquired from an RF tag which might
be unread.

Then, 1n Act 312, the communication section 312 ends the
second communication mode and proceeds to the first com-
munication mode. Then, in Act 313, the communication sec-
tion 312 notifies the omission-in-reading determining section
315 that the communication section 312 proceeded to the first
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communication mode. On the basis of this notification, the
omission-in-reading determinming section 315 executes time
counting for determination regarding a possibility of an omis-
s10n 1n reading 1n each group 1including the group A according,
to transmission ol an 1dentification ID from the communica-
tion section 312.

As described above, according to the first embodiment,
since a possibility of an omission in reading can be detected,
a user can do a work for reading an RF tag which might be
unread and the like as necessary. Accordingly, a problem
related to omission 1n reading can be quickly solved. Since
this reduces the time required for reading work, the efficiency
of the work can be improved. As aresult, 1t 1s not necessary to
repeat reading work while moving around a store several
times during inventory work.

(Second Embodiment)

Next, a second embodiment will be described. Sections 1n
common with the first embodiment are denoted by the same
reference numerals, and the explanation will be omitted.

In the second embodiment, when identification ID acqui-
sition processing 1s executed 1n the second communication
mode, the communication section 312 executes identification
ID acquisition processing on an RF tag of a group to which an
RF tag, whose information is to be acquired and whose omis-
sion-1n-reading possibility state data 1s 1, belongs before the
identification ID acquisition processing in the second com-
munication mode.

In addition, 1n the second embodiment, when the commu-
nication section 312 proceeds to the second communication
mode, the storage controller 319 marks an identification 1D
acquired last from the omission-in-reading determining sec-
tion 315, that 1s, an 1dentification ID acquired last 1n the first
communication mode on the basis of a record (log) stored 1n
the storage section 311.

Then, at the end of the tag information acquisition process-
ing in the second communication mode, the communication
section 312 executes identification ID acquisition processing
using the identification ID acquired last in the first commu-
nication mode which was marked by the storage controller
319.

Hereinatter, the process flow of 1identification ID acquisi-
tion processing only for an RF tag which might be unread in
the second embodiment will be described with reference to
FI1G. 18. In addition, since Act 401, Act 403, Act 404, Act 408
to Act 415, and Act 431 1n FIG. 18 are the same as Act 301 to
Act 311 and Act 321 in the first embodiment, the explanation
will be omitted. In addition, since the time counting of the
omission-in-reading determining section 315 and the process
flow of determination regarding a possibility of an omission
in reading are also the same, the explanation will be omaitted.

In Act 401, first, the mode information acquisition section
313 and the communication section 312 execute the same
processing as i Act 301 1n the first embodiment. In addition,
when proceeding to the second communication mode, the
communication section 312 notifies the storage controller
319 that the communication section 312 proceeds to the sec-
ond communication mode.

In Act 402, when a notification that the communication
section 312 proceeds to the second communication mode 1s
received from the communication section 312, the storage
controller 319 marks an identification ID acquired last 1n the
first communication mode on the basis of the processing
record (log) stored 1n the storage section 311. For example,
when a notification that the communication section 312 pro-
ceeds to the second communication mode 1s acquired after
acquiring an identification ID of an RF tag B9 shown 1n FIG.

6. B9 1s marked as shown in FIG. 19.
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In Act 405, the communication section 312 executes 1den-
tification ID acquisition processing on identification IDs of
the group A to which an 1dentification ID whose information
1s to be acquired and which might be unread, more specifi-
cally, anidentification ID whose information 1s to be acquired
and corresponding omission-in-reading possibility state data
1s 1 1n the table to be read belongs.

In Act 406, the communication section 312 determines
whether or not an identification ID of the group A could be
acquired. IT an identification ID can be acquired, the commu-
nication section 312 executes identification ID acquisition
processing 1n the second communication mode (Act 408). It
an 1dentification ID of the group A cannot be acquired, the
communication section determines whether to continue the
processing ol acquiring 1dentification IDs of the group A in
Act 407. For example, when there 1s a user’s input for stop-
ping the processing of acquiring identification IDs of the
group A through the mnput section 35, the determination can
be performed on the basis of whether or not this iput was
transmitted to the communication section 312 by the control-
ler 31. I there 1s an mput for stopping the processing of
acquiring i1dentification IDs of the group A, the communica-
tion section 312 proceeds to Act 408 to execute identification
ID acquisition processing 1n the second communication
mode. On the other hand, 1f there 1s no input for stopping the
processing of acquiring 1dentification I1Ds of the group A, the
communication section 312 continues the processing of
acquiring 1dentification IDs of the group A.

Then, 1n Act 416, the communication section 312 ends the
identification 1D acquisition processing in the second com-
munication mode. Then, in Act 417, the communication sec-
tion 312 acquires an 1dentification ID acquired last 1n the first
communication mode, which 1s stored 1n the storage section
311 after being marked by the storage controller 319, through
the storage controller 319. In addition, the communication
section 312 sets the 1dentification 1D acquired last 1in the first
communication mode 1n a Select command and performs
identification ID acquisition processing on an RF tag which
stores the 1dentification ID.

In Act 418, the communication section 312 determines
whether or not the i1dentification ID acquired last 1in the first
communication mode was acquired from an RF tag. When the
identification ID acquired last in the first communication
mode 1s acquired from an RF tag, the communication section
312 starts the first commumication mode (Act 420). Then, 1n
Act 421, the communication section 312 notifies the omis-
sion-1n-reading determining section 315 that the communi-
cation section 312 proceeded to the first communication
mode. On the basis of this notification, the omission-in-read-
ing determining section 315 executes time counting for deter-
mination regarding a possibility of an omission in reading in
cach group including the group A according to transmission
of an i1dentification ID from the communication section 312.

On the other hand, 1f the 1dentification ID acquired last in
the first communication mode cannot be acquired from an RF
tag, it 1s determined whether to continue the processing of
acquiring the identification ID acquired last 1n the first com-
munication mode 1n Act 419. For example, when there 1s a
user’s mput for stopping the processing of acquiring the iden-
tification ID acquired last in the first communication mode
through the mput section 35, the determination can be per-
formed on the basis of whether or not this input was trans-
mitted to the communication section 312 by the controller 31.
If there 1s an nput for stopping the processing of acquiring the
identification ID acquired last in the first communication
mode, the communication section 312 proceeds to Act 420 to
execute 1dentification ID acquisition processing in the first
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communication mode. On the other hand, 1t there 1s no 1nput
for stopping the processing of acquiring the identification 1D
acquired last 1n the first communication mode, the commu-
nication section 312 returns to Act 418 to continue the pro-
cessing.

As described above, according to the second embodiment,
it 1s possible to quickly specily the location of an RF tag
which might be unread. In addition, when the second com-
munication mode ends, 1t 1s possible to more quickly specily
the position at which an antenna was present before the sec-
ond communication mode 1s performed. Therefore, accord-
ing to the second embodiment, reading work can be done
more quickly.

While the first and second embodiments were described,
the invention 1s not limited thereto, and various changes and
modifications may also be made.

For example, in the first embodiment, mark imnformation
indicating that there 1s a possibility of an omission 1n reading
may be matched to the identification information by updating
the omission-in-reading possibility state data, which corre-
sponds to an 1dentification ID (example of the identification
information) of an RF tag which might be unread, to 1. How-
ever, the invention 1s not limited to the above method, and the
mark information may be matched to the identification infor-
mation in other methods.

In addition, although the configuration where the process-
ing of determining a possibility of an omission in reading 1s
performed 1n the reader and writer 1s adopted 1n the first and
second embodiments, the invention 1s not limited to this and
the determination processing may also be executed 1 a
device separated from the reader and writer, for example, 1n a
server. In other words, the RF tag reader may be formed by a
plurality of separate devices. A functional block diagram and
the process tlow 1n this case are 1llustrated in FIGS. 20 to 22.
In addition, identification IDs may be stored 1n a server or the
like together with not only the read state data or the omission-
in-reading possibility state data but also the information
regarding products shown 1n FIG. 23.

In addition, in the second embodiment, both the i1dentifi-
cation ID acquisition processing on a group including an RF
tag which might be unread before the second communication
mode and the acquisition processing on an 1dentification 1D
acquired last 1n the first communication mode are executed.
However, needless to say, only one of the acquisition process-
ings may be executed.

Moreover, 1n the first embodiment, the case where an RF
tag which might be unread was present only 1n the group A
was mentioned as an example for easy understanding. How-
ever, RF tags which might be unread may be present 1n a
plurality of groups. In this case, 1t 1s also possible to generate
the tag selection data between RF tags belonging to different
groups.

When generating the tag selection data between RF tags
belonging to different groups, the tag selection data may be
generated between RE tags of groups which are associated
with each other 1n advance, for example, based on the rule of
associating products placed adjacent to each other in a pret-
erential order.

In addition, the tag selection data may also be selected 1n
one group. Alternatively, when the number of RF tags which
might be unread 1n one group 1s smaller than a predetermined
number, the tag selection data may be selected between the
RF tags and RF tags, which might be unread, belonging to
other groups associated with the group 1n advance. That 1s, as
shown 1n FIG. 24, as one aspect, an omission-in-reading,
reference acquisition section 321 which acquires the infor-
mation (for example, stored in the storage section 311)
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regarding the omission-in-reading reference, which 1s a ref-
erence for the number of RF tags whose tag information
might be unread, and an omission-in-reading number deter-
miming section 323 which determines whether or not the
number of RF tags ({for example, the number of RF tags whose
omission-in-reading possibility state data 1s 1), in which the
identification information 1s matched to the mark informa-
tion, 1n one group 1s smaller than the omission-in-reading,
reference using the information regarding the omission-in-
reading reference acquired by the omission-in-reading refer-
ence acquisition section may be further provided 1n addition
to the configuration described 1n the first or second embodi-
ment. Moreover, 1f the omission-in-reading number deter-
miming section determines that the number of RF tags, in
which the identification information 1s matched to the mark
information, 1s smaller than the omission-in-reading refer-
ence, the communication section executes the information
acquisition processing on the RF tags, in which the identifi-
cation information 1s matched to the mark information, and
RF tags, which belong to another group associated with the
one group and are determined that the tag information might
be unread.

In addition, a program causing a computer, which forms
the RF tag reader and writer, to execute the various operations
described above may be provided as a tag information acqui-
sition program. Although the case where the program for
realizing a function of executing the invention 1s recorded in
advance 1n the storage section 311 provided inside the reader
and writer 1s 1llustrated 1n the first to second embodiments, the
invention 1s not limited to this. For example, the same pro-
gram may be downloaded to an apparatus through a network,
or the same program which 1s stored 1n a computer-readable
recording medium may be installed 1n an apparatus. As
recording media, any kinds of recording media may be used
as long as the recording media can store a program and can be
read by a computer. Specifically, examples of the recording,
media mclude: internal storage devices mounted inside a
computer, such as a ROM and a RAM; portable storage
media, such as a CD-ROM, a flexible disk, a DVD disk, a
magneto-optical disk, and an IC card; a database which stores
a computer program; other computers and their databases;
and a transmission medium on the line. In addition, the func-
tion obtained in advance by installation or download as
described above may be realized 1n cooperation with an OS
(operating system) or the like inside an apparatus.

In addition, the program in the present embodiment 1s
assumed to include a program which generates execution
modules dynamically.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limait the scope of 1nvention. Indeed,
the novel method described herein may be embodied 1n a
variety of other forms; furthermore, various omissions, sub-
stitutions and changes 1n the form of the apparatus and
method described herein may be made without departing
from the spirit of the inventions. The accompanying claims
and their equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit of the
inventions.

As described 1n detail above, according to the technique
described 1n this specification, 1t 1s possible to detect quickly
that information acquisition failed 1n a communication with
an RI tag.

What 1s claimed 1s:

1. An RF tag reader comprising:

a communication section having a first communication

mode 1n which processing of acquiring 1dentification 1D
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of an RF tag, 1s executed for an RE tag whose 1dentifi-
cation ID 1s not acquired yet 1n a predetermined group;

an omission-n-reading determining section determining

that an RF tag belonging to the group might be unread
when 1dentification ID 1s not acquired by the communi-
cation section from the RF tag, within a predetermined
time after identification ID of any one of other RF tags
belonging to the group 1s acquired;

a marking section matching identification information,

which 1s stored 1n advance 1n a predetermined storage
region and corresponds to the RF tag that might be
unread, to mark information, which indicates that there
1s a possibility of an omission 1n reading, when the
omission-in-reading determining section determines
that there 1s a possibility of an omission 1n reading;

a common information generator generating tag selection

data used for performing selective communication with
an RF tag, in which the identification information 1is
matched to the mark information, on the basis of the
identification information of the RE tag, inresponseto a
user’s request;

an omission-in-reading reference acquisition section

which acquires an iformation regarding an omission-
in-reading reference, which 1s a reference for the number
of RF tags whose identification ID might be unread;

an omission-in-reading number determining section which

determines whether or not the number of RF tags 1n
which the 1dentification ID 1s matched to the mark 1nfor-
mation, 1n one group 1s smaller than the omission-1in-
reading reference using the information regarding the
omission-in-reading reference acquired by the omis-
sion-1n-reading reference acquisition section;

wherein communication section turther has a second com-

munication mode 1 which identification ID acquisition
processing 1s selectively executed for an RF tag which
belongs to the one group and 1n which the identification
ID 1s matched to the mark information, and an RF tag
which belongs to another group associated with the one
group and in which the 1dentification ID 1s matched to
the mark information, using the tag selection data, if the
omission-in-reading number determining section deter-
mines that the number of RF tags 1n which the 1dentifi-
cation ID 1s matched to the mark information, in the one
group 1s smaller than the omission-in-reading reference;
and

wherein the RF tag reader further comprises a last acqui-

2.

sition marking section which marks an identification 1D
acquired last 1n the first communication mode before the
second communication mode 1s executed, wherein the
communication section acquires an 1dentification ID as
tag information of an RF tag.

The reader according to claim 1,

wherein when the communication section executes the tag

3.

information acquisition processing in the second com-
munication mode using the tag selection data, the omis-
sion-1n-reading determining section does not perform
determination processing regarding a possibility of an
omission in reading for an RF tag whose tag information
1s to be acquired in the second communication mode.
The reader according to claim 1,

wherein when executing tag information acquisition pro-

cessing 1n the second communication mode, the com-
munication section executes information acquisition
processing on an RF tag of a group, to which an RF tag
whose 1nformation 1s to be acquired belongs, before
executing the tag information acquisition processing in
the second communication mode.



US 9,177,180 B2

19

4. An RF tag information acquisition method comprising;:

executing tag information acquisition processing in a first
communication mode 1n which processing of acquiring
identification ID of an RF tag, 1s executed for an RF tag
whose 1dentification ID 1s not acquired yet 1n a prede-
termined group;

marking an identification ID acquired last in the first com-
munication mode;

determining that an RF tag belonging to the group might be
unread when 1dentification ID 1s not acquired from the

RE tag, within a predetermined time after identification
ID of any one of other RF tags belonging to the group 1s
acquired;

matching identification information, which 1s stored in
advance 1n a predetermined storage region and corre-
sponds to the RF tag that might be unread, to mark
information, which indicates that there 1s a possibility of
an omission 1n reading, when it 1s determined that there
1s a possibility of an omission 1n reading;

generating tag selection data used for performing selective
communication with the RF tag, in which the identifi-
cation information 1s matched to the mark information,
on the basis of the identification information of the RF
tag, 1n response to a user’s request;

acquiring an information regarding an omission-in-reading,
reference, which 1s a reference for the number of RF tags
whose 1dentification ID might be unread;

determining whether or not the number of RF tags in which
the 1dentification ID 1s matched to the mark information,
in one group 1s smaller than the omission-in-reading
reference using the information regarding the omission-
in-reading reference;

executing tag mformation acquisition processing 1n a sec-
ond communication mode 1n which identification ID
acquisition processing 1s selectively executed for an RF
tag which belongs to the one group and 1n which the
identification ID i1s matched to the mark information,
and an RF tag which belongs to another group associated
with the one group and in which the 1dentification ID 1s
matched to the mark information, using the tag selection
data, 1f it 1s determined that the number of RF tags in
which the 1dentification ID 1s matched to the mark infor-
mation, in the one group 1s smaller than the omission-
in-reading reference; and

acquiring an 1dentification ID as tag information of an RF
tag by using the marked 1dentification ID after the end of
the second communication mode.

5. The method according to claim 4,

wherein when executing the tag information acquisition
processing 1n the second communication mode using the
tag selection data, determination processing regarding a
possibility of an omission in reading 1s not performed for
an RF tag whose tag information 1s to be acquired 1n the
second communication mode.

6. The method according to claim 4,

wherein when executing tag information acquisition pro-
cessing 1n the second communication mode, informa-
tion acquisition processing on an RF tag of a group, to
which an RF tag whose information 1s to be acquired
belongs, 1s executed before executing the tag informa-

tion acquisition processing in the second communica-
tion mode.

7. An RF tag reader comprising:

a communication section having a first communication
mode 1n which processing of acquiring RF tag informa-
tion of an RF tag 1s executed in a predetermined group;
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an omission-in-reading determining section which deter-
mines that the RF tag belonging to the predetermined
group might be unread when the tag information 1s not
acquired from the RF tag, within a predetermined time
after the tag information corresponding to any one of a
plurality of the RF tags grouped as the predetermined
group 1s acquired,

an omission-in-reading reference acquisition section
which acquires an iformation regarding an omission-
in-reading reference, which 1s a reference for the number
of RF tags whose RF tag information might be unread;
and

an omission-in-reading number determining section which
determines whether or not the number of RF tags 1n
which the RF tag information is matched to a mark
information indicating that there 1s a possibility of an
omission 1n reading, 1 one group 1s smaller than the
omission-in-reading reference using the information
regarding the omission-in-reading reference acquired by
the omission-in-reading reference acquisition section,

wherein the mark information 1s matched to the RF tag
information, which 1s stored 1n advance in a predeter-
mined storage region and corresponds to the RF tag that
might be unread, when the omission-in-reading deter-
mining section determines that there 1s a possibility of an
omission 1n reading,

wherein the communication section further has a second
communication mode in which processing of acquiring,
the RF tag information of the RF tag 1s selectively
executed for an RF tag which belongs to the one group
and 1n which the RF tag information 1s matched to the
mark information, and an RF tag which belongs to
another group associated with the one group and 1n
which the RF tag information 1s matched to the mark
information, using a tag selection data, 11 the omission-
in-reading number determining section determines that
the number of RF tags in which the RF tag information
1s matched to the mark information, 1n the one group is
smaller than the omission-in-reading reference, and

wherein the tag selection data 1s used for performing selec-
tive communication with an RF tag, in which the RF tag
information 1s matched to the mark information, on the
basis of the RF tag information of the RF tag, inresponse
to a user’s request.

8. The reader according to claim 7, further comprising

a marking section which matches the RE tag information,
to the mark-information.

9. The reader according to claim 7,

wherein when the communication section executes the tag
information acquisition processing in the second com-
munication mode, the omission-in-reading determining
section does not execute determination processing
regarding a possibility of an omission-in-reading.

10. The reader according to claim 7, wherein before

executing the RF tag information acquisition processing in
the second communication mode, the communication section
executes information acquisition processing on an RF tag in
the predetermined group including the RF tag which 1s
regarded as an omission-in-reading.

11. The reader according to claim 7, further comprising

a last acquisition marking section which marks an RF tag
information which 1s acquired last in the first communi-
cation mode before the second communication mode 1s

executed,
wherein the communication section acquires the RF tag
information marked by the last acquisition marking sec-
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tion after acquisition of the RF tag information in the
second communication mode 1s completed.
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